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Field of indention 

This invention relates to methods and systems for ultrasonic 
10 detection and imaging of contrast agents located in soft 
tissue or tissue fluids. 

Background 

15 Ultrasound, contrast agents are typically &&&& .as solutions of 
micro gas bubbles or nano lipid particlesc The gas bubbles 
typically show strong and nonlinear scattering of the 
ultrasound;, a phenomenon that is used to differentiate the 
contrast agent signal from the tissue signal , In the earliest 

20 applications (-1985) the increased scattering from the 
contract agent within the transmitted .frequency hand was used 
to enhance the scattering £r©m blood, Later, second harmonic 
components In the nontineariy scattered signal were used to 
further enhanee the contrast agent signal above the tissue 

2S signal in methods ; g^nerail^ referred to as nonlinear contrast 
harmonic Imaging . 

The foliokihg two signal power ratios have vital importance 
for the ouality of performance of a contrast imaging system % 

30 

CTR — Contrast signal to Tissue signal Ratio, This gives the 
ratio of the signal power scattered from the contrast agent 
in a region- to the signal power scattered from the tissue in 
that region, This ratio is often referred to as specificity. 

35 

CNR — Contrast signal to Noise Ratio, This gives the ratio of 
the signal power scattered from the contrast agent in a 
region to the noise power in that region, This ratio is often 
referred to as sensitivity. 

40 

The CNR determines the maximum depth for imaging the contrast 
agent while the CTR describes the enhancement of the contrast 
agent signal above the tissue signal in the image and thus 
the capability of differentiating contrast signal from tissue 
45 signal. High values of both these ratios are therefore 
necessary for good imaging of the contrast agent. 

The nonlinear distortion of the signal scattered from the 
contrast agent is much stronger than for the tissue signal f a 
SO phenomenon that is extensively used to enhance the CTR, In 
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one method, rgcaiYea tissue signal components in the 
transmitted f requeney band (linear components) are reduced by 
combining the received signal from two transmitted pulses 
•tilth different amplitudes! In other methods,, the second 
S harmonic band of the nonlinear ly scattered signal is obtained 
either by bandpass filtering or by combini.no the received 
signals from two or more transmitted pulses with different 
polarities ., 

10 The contrast agent will typically undergo strong nonlinear 
oscillations with significant amount of energy scattered at 
higher harmonic components only if driven into oscillations 
well below its resonance frequency and the harmonic component 
used for detection and imaging is often obtained in a 

15 bandpass filtering process. To obtain distinct scattered 
harmonic components, the drive pulse typically has to be 
relatively narrowbanded, The consequence of a relatively 
narrowbended and lots? freqhdncy dtive pulse is the low image 
resolution typically obtained with harmonic imaging,: 

20 

Also, the received nonlinear harmonic component from the 
contrast agent typically has low amplitude which reduces the 
-Cm and may require so hlph transmitted amplitude that the 
contrast agent bubbles are destroyed. This can cause a 
25 problem when the inf lo*? rate of contrast agent to the tissue: 
region is low. 

In addition, nonlinear .contrast components scattered in the 
forward propagation direction will add in phase with the 

30 transmit field and hence accumulate , In tissue regions beyond 
a contrast, filled area, these nonlinear contrast components 
may; toe linearly baoh-seattered from the tissue and falsely 
interpreted as contrast agent signal, hence reducing the CTR , 
Finally, a limitation in all methods based on nonlinear 

35 harmonic detection is that nonlinear components in the tissue 
signal are preserved in the process, also limiting the CTR. 

The new method described does not require nonlinear harmonic 
imaging and is theref ore not const rioted by the above 
40 mentioned limitations encountered in nonlinear contrast 
h a ria on i a ±m a g i ng tech n j. : q U a s - 

Summary of" the Invention 

4-5 Ultrasound pulses containing both a low frequency band and a 
high frequency band overlapping in the time domain, are 
transmitted towards the ultrasound contrast agent embedded in 
the tissue. The low frequency components are used to 
manipulate the acoustic scattering properties of the contrast 

50 agent for frequency componehfs in the transmitted high 
frequency band, and the scattered bubble signal from the high 
frequency transmitted components is used for image 
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reconstruction- The low frequency components in the received 
signals can for example be removed through bandpass filtering 
of the signals around the high frequency band, 

5 The tissue signal is suppressed &w transmitting at least two 
such dual-band pulses .for each radial image line with 
different phases and/or amplitudes between the low and high 
frequency components, and performing a linear combination of 
the back-scattered signals from the different pulses, 

10 

Due to nonlinear tissue elasticity, the transmitted low 
frequency pulse will slightly influence, the wave propagation 
of the transmitted high frequency pulse resulting in 
slightly different high frequency sound speeds when altering 
IS the phase and/or amplitude of the low frequency pulses. The 
resulting echoes may then have to be digitally interpolated 
and adjusted relative to each other before combination to 
adequately suppress the high frequency tissue echoes. 

20 With non-moving, temporary stationary tissue, one can for 
example transmit two pulses with different phase of the low 
frequency cot^ohents and the same phase of the high frequency 
components, and perform a linear combination of the back- 
scattered signals from the two pulses. The scattered high 

25 frequency components from the contrast bubble will he 
manipulated differently than from the tissue by the two low 
frequency pulses of different phases and/or amplibuqes : , and 
the bubble signal can bs: preserved while the tissue signal is 
heavily su»pres«ed in the combination of the two echoes, 

When the tissue is moyihr|> pxm may have to transmit more that 
two pulses for sash radial image line to adequately suppress 
the racei¥ed tissue signal. For .example,, one can transmit a 
set of M puiqes, all with the same phase of the high. 

35 frequency components, but with different phases and/or 
amplitude of the low frequency components for each pulse, The 
back-scattered signals from these pulses are combined in a 
pulse to pulse high-pass filter as is commonly done in 
ultrasound imaging of blood velocities to suppress the tissue 

40 signal. 

With electronic steering of the beam direction one would use 
the same beam direction and focus for all the pulses that are 
combined to suppress the tissue signal for each radial image 
4S line. Typical filtering schemes that are used are FXR-type 
filters or orthogonal decomposition using for example 
Legendra polynomials, with filtering along the pulse number 
coordinate for each depth. 



with mechanical scanning of the beam direction, as with 
annular arrays, one would typically transmit pulses with 
variations in the phase and/or amplitude of the low frequency 
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■components as the beam direction is swept continuously, 
feeding the signal for each depfcih to a high pass filter along 
the pulse nomfoer coordinate, The outputs of the high pass 
filters are then sampled for each depth and radial image line 
5 to give the contrast agent signal, with suppresion of the 
tissue signal, to he used for image reconstruction . 

The present invention significantly increases the CNR 
relative to existing methods by using the total scattered 
10 high frequency signal, and in particular the strong linear 
components, from the contrast -agent and not only nonlinear 
components of .it. 

.Relative to nonlinear harmonic imaging methods, the 
15 present invention can use a more hroadbanded fransxnif 
pulse and will hence achieve a higher ranger image 
resolution, In addition, a higher transmit frequency can 
be used resulting in a significant increase in both 
lateral arid range resolution relative to nonlinear imaging 
2 0 methods , 

The performance of the present invention is less sensitive to 
the 'amplitude of the imaging pulses compared to nonlinear 
imaging methods, 'fogether with, the indicated suppression of 
25 received tissue signal with resulting increase in ONE,- this 
facilitates non-destructive detection and. imaging of single 
contrast agent bubbles. 



Brief Description o£ t&e X&eawimgjss 



ira-vi displays the transfer functions from drive pressure to 
radial oscillation and to scattered pressure of a contrast 
babble undergoing small amplitude o sell 1 at ions. 

i Illustrates transmit pulses, containing both a low 
frequency pulse and a high frequency pulse where the high 
frequency pulse is placed in the peak, positive or peak 
negative period of the low. frequency pulse . 

FX® 13 shoes the radius responses from a babble with resonance 
frequency around 4 MHz whan driven by the pressure pulses in 

FX®. 4 shoes the far-field scattered, pressure pulses from a 
bubble with resonance frequency around 4 MM a when driven by 
the pressure pulses in FXC3.2. 

PS® IS depicts the absolute value of the Fourier Transform of 
the pressure pulses in FX® , 4 , 

FX®. 6 displays the result obtained: by subtracting the two 
scattered contrast pulses: in FXS- 4 so that the high frequency 
tissue components can be suppressed, 

FX®. 7 illustrates the method of digital sampling rate 
increase (interpolation:} - 

FX® , 8 sho^a a reaiij;pfe.ion of the .interpolation -pT.Q^^m. :by ..the' 
use of polyphase filters. 

FX® ,9 Shows schematically the adjustment and combination of 
received echoes done in order to sinopress the: high frequency 
t i s sue component s . 

D^csriptiosj of E?8bodltB.eats of the Invention 

The invention will, now foe: described in more detail with 
reference to the figures. 

For small amplitude radius excursions, the mathematical 
equations governing contrast bubble oscillation can be 
linearised and we obtain the following transfer function from, 
incident pressure on the bubble surface to radial bubble 
displacement 



where 



0 



Here, a? is the angular frequency 1 and as a is the resonance 

frequency of the bubble while a is the stiffness of the gas 
and shell, m is the inertia of the surrounding liquid, and d 
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is a clamping factor of. the resonant sptem. 

The absolute value and phase angle of If^ff) is shown in the 
upper and lower panel in FXSdla, respectively. In the lower 
5 panel, we see that ;#or drive frequencies well below resonance 
the displacement is %■ out. of phase with the driving pressure. 
For frequencies well above resopanoa the bubble responds 
differently and the displacement and drive pressure are new 
in phase so that the bubble is increased in sise when the 

10 drive pressure is positive and vice versa,. Around resonance 
the displacement is. approximately n/2 cut of phase with the 
drive pressure. The absolute: value of the amplitude of the 
transfer function is seen in the upper panel of FX©-. la. Going 
from frequencies below resonance towards resonance the 

15 amplitude increases gradually culminating with a prominent 
peak around resonance for the situation with low damping 
(dashed line, d - 0,1} and a considerable smaller peak for 
the situation with higher damping (solid line, a - 0.5), In 
both cases, the amplitude decreases rapidly above resonance, 

20 

The transfer function from incident pressure on the bubble 
surface to scattered . far-field pressure for this small 
amplitude linearized situation is 

0 a 

25 H'Jm** ~r 

m 

FIG . lb displays the absolute value of M 2 (0) in the upper 

panel, while the phase angle of ff 5 (Q;) is shown in the lower 
panel. As previppsly^ the dashed lines are results obtained 

30 setting the parameter d equal to 0.1 while the solid lines 
are obtained for d equal to 0.5. The amplitude of the 
scattered pressure r as seen from the upper panel in FIG. lb, 
significantly increases when going from drive frequencies 
below resonance towards resonance. For drive frequencies 

35 above resonance , the scattered amplitude approaches a 
constant level. In the lower panel of the figure,, we see 
that for drive frequencies "well below resonance, the 
scattered pressure is in phase with the driving pressure. 
This means that the: bubble oscillation is -dominated by the 

40 stiffness of the gas and shell. Per frequencies well above 
resonance, the bubble responds differently and the 
oscillation is now dominated by is* the inertia of the co- 
oscillating fluid mass. The Buffered pressure and drive 
pressure are now 7t out of pha$e as seen in the lower panel of 

45 FIG. lb, ground resonance the scattered pressure is 
approximately to/2 out of phase with the drive pressure. 



The purpose of the present invention is to heavily suppress 
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the hiah frequency tissue echoes in the image: while 
maintaining the total li>i.ffe iriqtsency contrast agent echoes, 
and the essence of the invention is now described by way of 
example through applying a simple two-pulse transmit scheme 
5 for each radial image line. 

In the first transmitted dnsi-baud pulse, the high frequency 
component 202 is placed in the positive peak of the low 
frequency component 201 as shown, in WXQ - 2a. , whereas in the 

10 second transmitted pulse, the. high frequency component 213 is 
placed in the negative peak of the low frequency component 
212 as shown in FX<s«2b. The difference between FX©. 2a and 
FX&*2I» is that the polarity of the transmitted low frequency 
components is inverted with respect to each other. In other, 

15 .example es&odiments according to the invention, the phases 
between the two low frequency pulses may vary with a 
different value (#.□}, with: possmbis variation in the 
amplitude of the low frequency pulses between the two low 
frequency pulses, even without Tar iation of the phase. 

FIG, Sat shows the radius response from a contrast bubble with 
resonance frequency around 4 MHz when driven by the pulse in 
FIG, 2m while the radius response from the same bubble when 
driven by the pulse in FIG. 2b is seen in PX&.3b. the high 

25 f reguency components (202 ana 213] in the transmitted pulses 
are here around § MHz and hence: chosen to be in the same area 
as the equilibrium resonance frequency of the: contrast 
bubble. This is, however,: done only for purpose of 
illustration and not ;& limitation in the present invention, 

30 Prom the. bubble radius oscillations , it is seen that the high: 
frequency component in the first transmitted pulse occurs 
when the bubble is compressed (204) by the low frequency 
pulse, whereas the high frequency component in the second 
transmitted pulse occurs when the bubble is expanded (214) by 

35 the low frequency pulse. When compressed, the bubble will 
increase its resonance frequency, while when expanded, it 
will reduce its resonance frequency. 

From FIG, la we see that both the amplitude and phase angle of 
40 the radius oscillation will chance for a given drive 
frequency when changing; the resonance frequency of the 
bubble. 

The resulting far-field scattered pressure from the contrast 
45 bubble when driven by the incident pressure pulse in FIG ,2a 
is depicted in time domain in FIG* 4a and in frequency domain 
in PXG,§a, while the scattered pressure obtained when driven 
by the incident pulse in FXG.2& is depicted in time domain- in 
PXG , €h and in frequency domain in FlG,5fo, The scattered high 
SO frequency fundamental component (209) in PXG. Sa is somewhat 
weaker than the scattered high frequency fundamental 
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component (220) in FXQhSfc, Honiinear scattered high frequency 
components (2X0 and ate also somewhat different, 

Scattered low frequency ooasponaats (207 and 218} ha^s low 
amplitude and are not. meant to be used for image 
5 reconstruction. Ths: pKrpois et tbe low frequency component®, 
is only to manipulate the scattering properties of the 
contrast agent. to ma fee the babble oscillate with such a 

low frequency that high frequency components can be used to 
interrogate It while manipulated by the low frequency pulses. 

10 

prom fl© -lb. we notice that both the amplitude and phase angle 
of the scattered pressure will vary for a given drive 
frequency when, varying the resonance frequency as done when 
manipulating the bubble by the low frequency pulses. 

15 

To suppress the tissue signal the two scattered pressure 
pulses in FX®-. 4 are then subtracted, and the result is 
depicted in time domain in FIG. 6a. In FX<8.6fe> we see the 
spectrum of the resorting pulse, Me notice that es?en if the 

20 two high frequency drive pulses in FX® ,2 occur at the exact 
same relative t±m from the pulse starts due to the 
manipulation by the low frequency pulses the so at teredo high 
frequency energy from the bubble is pot canceled or 
significantly reduced in the subtraction process of 'the two 

25 foubhie echoes. Wecmay thus utilize the total scattered high 
frequency energy from the bubble for image reconstruction and 
not only a nonlinear component of it as done in ail non~ 
destructive nonlinear contrast agent detection, techniques < 

30 It Is also possible to use two transmit pulses, where one of 
the transmit: pulses only contains the high frequency imaging 
pulse whereas the other transmit pulse contains both the 
manipulating low frequency pulse and the high frequency 
imaging pulse overlapping; in the time domain. This would then 

35 be a version of amplitude modulation for the low frequency 
transmit pulse, as described above. Other variations of the 
phase and/or the aiaplitude between the two low frequency 
pulses are also possible . Due to the large separation in 
frequency of the iow and high frequency pulses, one might use 

40 separate transducer elements to transmit the two pulse 
components , If the low and; high frequency transducer elements 
have different spatial positions, the phase between the high 
and low frequency pulses can very with depth. The current 
method of enhancing the contrast agent signal while 

45 suppressing the tissue signal, will however work in such a 
situation also as the main "essence is that the high frequency 
scattering properties of the bubbles are manipulated between 
transmitted pulses by the low; frequency pulses, with limited 
chance of the sianal scattered from the tissue. 

50 

When the tissue is moving, ft may be advantageously to 
transmit more than two pulses for each, radial image line to 
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adequately suppress the received high frequency tissue 
signal. For example,, ems can transmit a set of M pulses, ail 
with the same phase and amplitude of the high frequency 
components, bat with different phases and /or amclitindes of 
5 the low frequency eo^onenta -,f©r each pulse. The back- 
scattered signals from these pulses are combined in a pulse 
to pulse high-pass filter as is commonly dene in. ultrasound 
imaging of blood velocities to suppress the tissue signal, 

10 With electronic steering of the hears direction one would use 
the same- beam direction, and focus for all the pulses that are 
combined to suppress the tissue signal for each radial image: 
line of the contrast agent image « Typical filtering schemes 
that are used are FlR~type filters or orthogonal 

15 decomposition using for exsspl.e Legendre polynomials,, with 
filtering along the pulse numBer coordinate for each depth, 

With .mechanical scanning of the beam direction,, as with 
annular arrays, one would typically transmit pulses with 

2i3 variations in the phase and/cr ampiitude of the low frequency 
components as the beam direction is swept continuous ly, 'using 
the signal for each depth as inputs to high pass filters 
along the puis® number coordinate, as is commonly done in 
Ooppler blood velocity imaging- The outputs of the high pass; 

2S> filters are then sampled for each depth and radial image 
line to giye the contrast agent signal , with suppression of 
the tissue signal f to he used for image ■reconstruction Of the 
contrast agent image, 

30 Acoustic wave propagation is in the linear regime governed by 
the; .linear wave equation, ■where the speed of sound is defined 
as 

I 

-4ptc 

Where p is the density and is the compressibility of the 
propagation raedimru Due to nonlinear tissue elasticity we 
get, based on a plane wave approximation, a nonlinear 
propagation velocity that den-ends on the wave pressure as 

40 

where 0 is a non-linearity parameter accounting for nonlinear 
intermolacular forces in the propagation medium and p is the 
45 acoustic pressure, me last approximation is valid for the 
case when *p«l* In medical ultrasound imaging, xp typically 

lies in the range from 2>i0"** S; to 2d{T' 5 whereas 0 is around 51 
Ultrasound wave propagation in tissue is hence a weak 
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nonlinear process for infesssitxes co^only applied in medical 
imaging. Due to the nonlinear tissue elasticity, the high 
frequency components of the two dual™band pulses displayed in 
•FX® ,2 can have slightly different propagation velocities. 
5 The high frequency' component; (£02) in FX<3.2a, occurring 
during the positive pressure s&itt% of the low frequency 
component, will trawl with a slightly higher sound speed 
than the nigh frequency component (213 } in FXS.2S*, occurring 
during the negative pressure swing of the low frequency 
10 component. Using Sq.12 with c 0 equal to 1500 m/s r we get a 
typical sound speed of 150.0.5 m/s for the transmitted high 
frequency component in fX0,2a and 1499.5 m/s for the high: 
frequency component in FXG, 2b-. 

15 the consequence of this difference in sdhhd speed is that the 
two resulting high frequency echoes obtained from the 
indicated transmit pulses may have to be slightly time- 
shifted relative to each other before coxrih.in.ed to adequately 
suppress the tissue echoes. These time-shifts are typically 

SO smaller than the sampling interval of the signal which 
requires interpolation for ' adequately, accurate signal values. 
WXQ,*f displays schematically an interp'olation method of 
sampling rate increase by a factor of X, She interpolation, is 
here done by first introducing X - 1 seres between each 

2S sample in the original seqqehde # (n) with a sampling rate of 
F x to obtain the desired sampling rate JF K . 

Mathematically f the resulting sequence can. be described as 

30 v(m)~. 2'x(:m/I> for m~ Q,±l,±2l P <.. and 

y(m) ~ 0 otherwise 

The sequence v{m) is then passed through a lowpass filter 
h(m) to obtain the desired output yC'mj and this lowpass 
35 filter is typically implemented as a linear phase FIR- type 
filter where the s-transfofm of the filter is defined as 

.M-i 

40 for a filter of length M. 

The .direct ^forffi realization of the interpolation algorithm is 
computationally not very efficient due to ail the zeros in 
the sequence &(m3> ■* $.p increase the efficiency, the f ilter 
45 h (m) can foe divided into a set. of smaller filters of length 
X M il f where M is selected, to he a multiple of it This set 
of smaller filters are usually called polyphase filters and 
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have unit sample responses: 

g; : (m}-- Mk ±mi) for & - 0,l f „. 5 i' ™ I and 

j»« Cfh...,i 1 

5 

Thus, the polyphase filters perform the computations at the 
original low sailing, rate F x and the rate conversion results 
from the fact that X output samples are generated, one from 
each of the filters, for each input sample. Interpolation by 

10 use of polyphase filters are shown schematically in FIG, 8, 
Here, the polyphase filters are arranged as a parallel 
realization and- the Output of each filter is selected by a 
commutator rotating in the counterclockwise direction. The 
decomposition of. h (m) into the set of I suhf liters with 

15 impulse responses g^(m) results in filtering of the input 

samples k:(n} by a periodically time -varying linear filter 
g (®,k) , 

FXS, $ shows schematically the adjustment and cemhination 
20 process done to suppress the received high frequency tissue 
signal components h The received echoes are: f irst ■temporally 
interpolated and given a variable time adjustment 4 $01} 
before the pulse to pulse combination {902} to heavily 
suppress the high frequancy tissue components. 

25 

One should note that the time delay effect of this variation 
In propagation velocity of the high frequency pulse is an 
integrating effect: along the beam depth. With spatially 
offset between the transducer elements for the low and the 

3:0 high frequency pulses,, the phase between the high and the low 
frequency pulses may even vary in sign along the beast depth 
for the same transmit ptilse, as described above, in this 
case, the induced variation ox the high frequency pulse 
propagation velocity by the low frequency pulse has leas 

35 total effect on the delay of the high frequency pulses 
between different transmissions, compared to when the phase: 
between the high and the low frequency components stays 
fairly constant along the beam. 

The separated contrast agent image is typically shown as an 
40 overlay with different color or pattern of the standard, 
tissue .image as obtained with only one of the transmit pulses 
for each radial image line. 

A weak tissue baehground in the ultrasound image can. be 
4 5 obtained by using inaccurate or no time adjustments of the 
high frequency pulses with different phases of the low 
frequency pulses. Some of the tissue signal power can thus he 
brought to partly pass through the high pass filter for 
tissue signal cancellation. 

50 
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Claims 

We claim; 

5 

X. & method for detection arid imaging of ultrasound contrast 
agent in a region of soft tissue^ >?here 

at least one ultrasound, pulse containing frequency 
10 components in separated low and nigh frequency bands,- is 
transmitted toward said region^ 

the time signals of said low and high frequency components 
are overlapping in time,- so that said transmitted low 
15 frequency components are used to manipulate the acoustic 
scattering properties of the contrast agent for the incident 
frequency co-aponeu.es in said high ffegpency band, 

- where the scattered signal from said transmitted high 
20 frequency components la used for ultrasound contrast image 

feoodstruction of said region. 

t» & method for detection and; imagidg of ultrasound contrast 
agent according to Claim i, where to reduce the low frequency 
25 components in the r^c.eiwd signal before image 
reconstruotiexh the received signal id filtered in range to 
attenuate the low frequency components. 

3c A method for detection add ima;gihg of ultrasound contrast 
30 agent according to Claim 1,. where , 

at least two ultrasound pulses are transmitted 
consecutively toward said region with substantially same 
focus and direction of the ultrasound beam, 

35 

- the phase and/or the amplitude of said low frequency 
components in said pulses is changed for each transmitted 
pulse f 

40 ~ the received signal froitv the consecutive pulses are for 
each depth combined to suppress tissue signal components,, 
utile the signal coimsonents from the contrast agent are to a 
large degree presereved for imaging of the contrast agent. 

45 4. :& method for detection and imaging of ultrasound contrast 
agent according to Claim 3, where, 

- the ultrasound beam direction is ■■'scanned in steps, and for 
each radial image line a group of pulses is transmitted, each 

50 pulse with differences in. the phase and/ or amplitude of said 
low frequency components^ 
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~ the back-scattered signal is .saimpl'ed as a function of depth 
tor each pulse and the' sarnies for each depth are combined 
linearly along the pulse number coordinate, 

5 - the linear combination for each depth being selected so 
that the received high frequency components from the tissue 
are heavily suppressed,, while the received high frequency 
components from the contrast agent are not significantly 
suppressed by the linear eo^ination, 

ID 

- so that the output of the linear combination is used to 
form the image of the contrast agent for each depth along 
said radial image line. 

15 5. A method tor imaging and detection of ultrasound contrast 
agent according to Claim 1, where, 

~ multiple ultrasound pulses ere transmitted cons e cut i ve 1 y 
while the ultrasound beam direction is swept continuously 
■£® over the region to be imaged, 

the phase and/or amplitude of said low ireguenoy componenrs 
of the transmitted pulses being changed for each" transmitted 
pulse, 

25 

- the received signs! being sampled in depth along the beam 
direction, and the samples used as input to high-pass filters 
operating along the pulse number coordinate for each depth, 

30 - the output of the high-pass filters for each depth being 
sampled at defined radial Image lines to be used for 
construction of the contrast agent image as a function of 
depth along said radial image lines, 

35 e. A method for imaging end detection of ultrasound contrast 
agent according to Claim 3 or 5, where the received signals 
from, the consecutive pulses are digitally interpolated and 
temporally adjusted relative to each other before combination 
to adequately suppress the high frequency tissue components, 

4 0 

7, A method for imaging; and detection of ultrasound contrast 
agent according to Claim 3 or S, where in said transmitted 
pulses the amplitude of said high frequency bands may be 
separate lv adiusied. 

4 5 

8, h method for imaging; and detection of ultrasound contrast 
agent according to Claim 3 or h, where in said transmitted 
pulses the amplitude ox said low frequency bands may be 
separately adjusted:. 

9, h method for imaging and detection of ultrasound contrast 
agent according to Claim: 1., where the resulting contrast 
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agent image is sne«h as an overlay on the resulting tissue 
image with a different intensity , color, or pattern . 

10,, A method for imaging and detection of ultrasound contrast 
agent according to Claim 6, where the temporal adjustment is 
dona so that a part of the. received high frequency tissue 
signal remains after the combination and is shown as a weak 
tissue image overlayed hy ".the contrast agent image. 
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A meaningful search is not possible on the basis of all claims because 
all claim's are directed to ~ Hsfchod for treatment of the human or animal 
body by surgery ~ Rale 39,l(1v) PC? 



The claimed method implicitly requires the adnsinl strati on of m 
ultrasound contrast agent to the living hurs^n or an*jn$l. bogy. The 
administration of ultrasound contrast agents is generally performed by 
way of injection or infusion, for instance intravenously. The infusion or 
injection" of an ultrasound contrast agent is* therefore, considered a 
surgical step, by »ans of which the claimed method as a whole is 
considered to' be a method for treatment by surgery. 

The applicant*^ attention is drawn to the fact that claims relating to 
inventions in respect of which no international search report has been 
established need not be the subject of an International preliminary 
examination (Role 66.2(e) P-CT) . The applicant is advised that the £PG 
policy when acting as an international Preliminary Examining Authority is 
normal 1v not to carry out a preliminary examination on waiter which has 
not been searched. This is the case irrespective of whether or not the 
claims are amended fallowing receipt of the search report or during any 
Chapter II procedure. If the application proceeds into the regional phase 
before the #6, the applicant Is reminded that a search may be car Had 
put during examination before the EPO (see EPO Guideline fc-Vl.., 8.8) » 
should the problem which led to the Article 17(2) decleraiidn he 
ever caste. 



